Functional outcomes in individuals with schizophrenia suggest recovery of cognitive, everyday, and social functioning. Specifically improvement of work status is considered to be most important for their independent living and self-efficacy. The main purposes of the present study were 1) to identify which outcome factors predict occupational functioning, quantified as work hours, and 2) to provide cut-offs on the scales for those factors to attain better work status. Forty-five Japanese patients with schizophrenia and 111 healthy controls entered the study. Cognition, capacity for everyday activities, and social functioning were assessed by the Japanese versions of the MATRICS Cognitive Consensus Battery (MCCB), the UCSD Performance-based Skills Assessment-Brief (UPSA-B), and the Social Functioning Scale Individuals' version modified for the MATRICS-PASS (Modified SFS for PASS), respectively. Potential factors for work outcome were estimated by multiple linear regression analyses (predicting work hours directly) and a multiple logistic regression analyses (predicting dichotomized work status based on work hours). ROC curve analyses were performed to determine cut-off points for differentiating between the better-and poor work status. The results showed that a cognitive component, comprising visual/ verbal learning and emotional management, and a social functioning component, comprising independent living and vocational functioning, were potential factors for predicting work hours/status. Cut-off points obtained in ROC analyses indicated that 60-70% achievements on the measures of those factors were expected to maintain the better work status. Our findings suggest that improvement on specific aspects of cognitive and social functioning are important for work outcome in patients with schizophrenia.
Introduction
Cognitive impairment is a core deficit of schizophrenia and known to be one of the deleterious factors for functional outcomes (Green, 1996; Green, 2006) . Thus, the development of standard neuropsychological batteries for assessing cognitive functioning has been of a great concern. Accordingly, the MATRICS Consensus Cognitive Battery (MCCB; Nuechterlein and Green, 2006) was produced as an eligible comprehensive cognitive battery tailored for schizophrenia. With advent of this battery, the notion of functional outcomes has been well conceptualized with cognitive function as its continuation (Buchanan et al., 2011) .
In order to validate cognitive enhancement assessed by "primary" measure i.e. the MCCB, the developers have sought "co-primary" measures to evaluate concurrent improvement on real-world functioning (Buchanan et al., 2011) . The former refers to the assessment of basic cognitive abilities to attend, memorize or manipulate incoming information. The latter, on the other hand, is expected to be more sensitive to real-world functioning including every-day living skills or social functioning. Upon drug approval, the Food and Drug Administration emphasized the importance of improvement on co-primary measures as well as improvement in a cognitive performance endpoint. However, it is rather challenging to evaluate the efficacy of cognitive enhancement on real-world outcomes, as socio-economic factors (e.g. disability payment, local employment rates, or accessibility to social support) intervene between the expected improvement on functional outcomes and cognition-enhancing effects (Buchanan et al., 2011; Rosenheck et al., 2006) . This situation has led to implementation of "functional capacity" Harvey and Velligan, 2011) , an ability to perform everyday activities in limited contexts (e.g. role play), as an optimal co-primary measure . With an introduction of functional capacity, which is more likely to be temporally linked to treatment-related changes in cognition, the elusive and hard to define notion of functional outcomes was more clearly modelled; it is a continuum, spanning from cognition to real-world outcomes mediated by functional capacity.
Probably, work is the most critical domain in real world outcomes. The lack of opportunity to work results in economic burden for patients themselves, families, and the government (i.e. medical or welfare costs) (Lee et al., 2008; Rice, 1999) . In addition, participating in work itself may have therapeutic effects regardless of payment; working experiences have been shown to alleviate psychiatric symptoms (Bell et al., 1996) , enhance self-esteem or efficacy (McGurk and Mueser, 2004) , and give better insight for competence in work (Harvey et al., 2012a) . Despite these merits of getting jobs, the prevalence of competitive employment in people with mental illness has remained considerably low in developed countries. The percentages of paid-employment are estimated at 10-20% in the US (Mueser et al., 1997) , 8-35% in Europe (UK, German, and the France; Marwaha et al., 2007) , and around 5% in Japan (Cabinet Office Japan, 2013) .
Since the late 1980, work hours have been decreasing in Japan, partly due to several amendments of the Labour Standards Act. However, Japan is still one of the top countries with long work hours (Organization for Economic Co-operation and Development, 2013) . This suggests that having a job is regarded as a prerequisite to be accepted into the Japanese society. The relatively greater importance of a homemaker also characterizes the Japanese labour system. Generally, a single person (typically a housewife) is responsible for household chores, caring for a family, and community activities. A survey (Statistics Bureau, Ministry of International Affairs and Communication, Japan, 2010) shows that 40.2% of females are full-time homemakers, despite a rapid increase of dual-earners in Japan.
Previous studies focused on multiple levels of functional outcomes to predict work outcome in patients with schizophrenia. Substantial evidence has been accumulated for the role of cognition as a predictor for employment status (Dickerson et al., 2008; McGurk et al., 2013; Nuechterlein et al., 2011) . Also it has been shown that competence in work was associated with higher levels of competence in skills required for everyday activities (Bowie et al., 2006) or social competence (Bowie et al., 2010; Bowie et al., 2008) . To date, however, few studies have attempted to examine which functional factor(s) (i.e. cognition, everyday-living skills, and social functioning) most dominantly predict work status in patients with schizophrenia.
Another issue is how work outcome is measured. Most previous studies used non-parametric measurement to evaluate work outcome. Some studies, for instance, assessed work status with a dichotomized variable of employed and unemployed (Dickerson et al., 2008; McGurk et al., 2013; Nuechterlein et al., 2011) . Others assessed the capacity for work indirectly through informants' observations (Bowie et al., 2010; Bowie et al., 2008; Bowie et al., 2006) . Although a majority of studies have reported significant associations between their measures (e.g. cognition, functional capacity, or social adaptation) and work status/ capacity, quantifiable measures, such as work hours in a certain period, would more precisely reflect the actual work outcome in patients with schizophrenia. For example, in the study by (McGurk et al., 2007) , both hours worked and money earned were increased in cases whose cognition was improved by cognitive remediation therapy (CRT). However, there was no assessment of functional capacity in that study.
In addition, previous findings did not provide a practical implication for patients under recovery. It would be beneficial to examine the threshold in performance on testing scales to discriminate between patients functioning well in terms of work and those who are not.
The main purpose of the present study was to determine potential factors to predict work outcome, evaluated by quantitative measure (i.e. work hours in a certain period), in patients with schizophrenia. In particular, we focused on multiple levels of functioning (i.e. cognitive performance, observer-rated everyday functioning, and social functioning). Two types of regression analyses were conducted to detect relevant outcome factors. A multiple regression analysis was conducted to directly predict work hours in recent months, while a multiple logistic regression analysis was used to examine the variables to dichotomize subjects into the better vs. poor work status based on total work hours in recent months. The secondary purpose was to provide cut-offs for the measures discriminating work status. ROC curve analyses were performed to estimate optimal cut-off points and cut-off proportions for the factors identified as significant predictors for work outcome.
Methods

Participants
Forty-five Japanese patients meeting DSM-IV-TR criteria for schizophrenia and 111 healthy adults entered the study. Table 1 summarizes demographic and clinical profiles of the participants. Patients were treated in Okayama University Hospital in Okayama Prefecture, Toyama University Hospital and Joganji Hospital in Toyama Prefecture. Diagnosis was established based on DSM-IV-TR (American Psychiatric Association, 2000) criteria by experienced psychiatrists using a structured interview, reference to medical history, and all available information. Patients known to be abusing alcohol or illicit drugs, or those with epilepsy, brain damage, or neurologic disorders, were excluded from the study. Psychiatric symptoms were assessed on the Brief Psychiatric Rating Scale (BPRS), 18-item version (Overall and Gorham, 1962) . They were all outpatients and the majority had work either outside (employed) or at home (homemaking) (currently at work=26, currently absent from work=9, no work in recent 3 months=10). The employed subjects engaged in relatively simple jobs such as delivery, stocktaking, or easy office work. Healthy adults were recruited at Okayama University and Fukushima University. The sample consisted of workers (N= 81) and university students (N= 30). The total sample (N=111) was used for a group comparison and principal component analyses to show normative performance of young to middle-aged healthy adults. For subsequent regression analyses, only workers' data was used as students' study hours were deviated from work hours of workers.
Written informed consent was obtained from all participants. The study protocol was approved by ethics committees at the participating sites.
Measures
Cognitive assessment
The MATRICS Cognitive Consensus Battery (MCCB) Japanese version (Kaneda, et al., 2013; Sato et al., 2010) was administered to all participants. The MCCB is a comprehensive battery for assessing cognitive functioning in patients with schizophrenia (Nuechterlein and Green, 2006) . It consists of neuropsychological subtests covering seven cognitive domains, as summarized in Fig. 1 . The raw scores were transformed to the T-score, then the domain scores (Attention/ Vigilance, Verbal learning, Visual learning, Reasoning and Problem solving, and Social cognition); the composite scores (Working memory, Speed of processing, and MCCB Total) were produced according to the manual Nuechterlein and Green, 2006) . The T-score of each task corresponds to the domain score except for Speed of Processing (Trail Making Test, BACS Symbol Coding, and Fluency) and Working memory (Letter Number Sequencing and Wechsler Memory Scale Spatial Span). For these domains, domain scores were calculated by summing the T-scores of tests included in the domains. The total composite score was the sum of the seven domain scores. The method for converting to T-score in the Japanese version was presented in our previous study (Sumiyoshi et al., 2014) .
Performance-based assessment
The UCSD Performance-based Skills Assessment-Brief (UPSA-B; Mausbach et al., 2007) Japanese version (Sumiyoshi et al., 2011 ) was used to assess everyday functioning. This battery consisted of Finances and Communication subdomains (Fig. 1) . The former includes basic financial skills such as counting change or extracting information from a bill payment. The latter evaluates communicative ability such as speaking on the phone or rescheduling an appointment. All the tasks are role-played. Each task score is summed by subscales and then transformed to standard scores (0-50). The total score is the sum of the subscale standard scores (0-100). The Japanese version was developed based on the international version of the UPSA-B, with some modifications to adjust for differences in everyday living skills in Japan (Sumiyoshi et al., 2011) . The equivalency to its original version and the discriminative validity was confirmed in our previous study (Sumiyoshi et al., 2014) .
Social functioning and work outcome
The Modified Social Functioning Scale/Social Adaptation Scale for MATRICS-PASS (Modified SFS/SAS for MATRICS-PASS) was used to evaluate overall social functioning and work outcome. Data were collected from the participants' self-rating/reports. This scale was designed by the MATRICS-Psychometric and Standardization Study (MATRICS-PASS; Kern et al., 2008; Nuechterlein et al., 2008) for the validation study of the MCCB. It comprises the Social Functioning Scale Individuals' version (SFS; Birchwood et al., 1990; Nemoto et al., 2008) (Fig. 1, bottom left) , and the Work Outcome section from the modified Social Adaptation Scale (modified SAS; Subotnik et al., 2008) (Fig. 1,  bottom right) . The SFS part, consisting of 7 domains, assesses social competence by asking subjects' status or activities. To enhance the accuracy of self-rating, most items were accompanied by anchor points (frequencies). For example, the degree of activities of 'Visiting friends' is well defined as 'Never'=0 times [0 point]; Rarely =more than once in recent 3 months [1]; Sometimes= more than once in a month [2] ; Often=more than once in a week [3] . A positive correlation between scores of this Japanese version of the SFS and MCCB has been reported in our preliminary study (Sumiyoshi and Sumiyoshi, 2015) .
The Work Outcome section of the SAS is a self-report assessment of quantity of work, work role and activities, and impairment in work role activities. It consists of Work for Pay, Work at Home, and Student sections, and subjects are asked to fill in the most relevant section. We have implemented the Work at Home section, considering the importance of this work role in Japan. Each section includes average work hours per week, total number of weeks worked in the past 3 months, activities or responsibilities in the work role(s), and items related to work role impairment (Cognitive Complexity and Impaired Performance are assessed) (Fig. 1, bottom right) . The work outcome measure was the total work hours in the past 3 months. This was obtained by multiplying the average work hours/week by total number of weeks worked in the past 3 months. For instance, if a participant worked 20 hours/week for 10 weeks in the past 3 months, the total work hours would be 200 hours. In addition, subjects were asked to briefly fill in major responsibilities in their work role(s) as well as its cognitive complexity and impaired performance. Cognitive complexity and Impaired performance were 4-point scales, ranging from 1=None to 5=Very High. Although these ratings were not analyzed in subsequent analyses, they were included to encourage patients to report work hours as accurately as possible. Based on this information, the validity of the self-reported work hours was verified by psychologists and/or by a direct interview when the report forms were submitted.
Statistical analyses
SPSS ver. 22.0 (IBM SPSS Statistics, 2013) was used for statistical analyses.
Group comparisons
Group differences of each measure were compared by t-test except for the MCCB. Performance on the MCCB was tested by ANCOVA controlling for Education.
Principal Component Analysis
A principal component analysis (PCA) was carried out for the MCCB and the SFS independently to reduce the number of variables for use in regression analyses. Data from healthy controls was used to obtain the normative components of those measures. Factors with eigenvalues ≥1 were extracted as independent components. Component scores were the sums of task scores highly loaded on the extracted factors and they were used in the subsequent regression analyses.
Multiple linear regression analysis
Multiple regression analyses with a backward selection method was conducted to estimate the best linear combination of predictors for work hours in healthy controls and patients with schizophrenia. The criterion of models was set p ≤ 0.10 for the F statistics. Component scores of the MCCB and the SFS, noted above, and the subscale scores of the UPSA-B (Finances, Communication) were independent variables. The total work hours in the recent 3 months were a dependent variable. A log-arithmetic transformation was performed on work hours and the UPSA-B measures due to the skewed distribution in the former (Fig. 2) , and the ceiling effect found in the latter.
Multiple logistic regression analysis
Multiple logistic regression analyses with a backward exclusion method (likelihood ratio criteria) was conducted on the same data set used in the multiple linear regression analyses. The total work hours were dichotomized into either better or poor work status by means of a median sprit (i.e. longer vs. less than the median work hours of the patients group and the healthy comparison group; Fig. 2 ), and they were used as dependent variable.
ROC curve analysis
Receiver operating characteristic (ROC) curves analyses were conducted on significant predictors identified in regression analyses. Sensitivity was indexed by the area under curve (AUC) with the 95% confidential interval (95% CI) and d′ (d-prime (Gescheider, 1985) . The larger values suggest higher sensitivity. Optimal cut-off points were determined at scores where the sum of sensitivity (% of hit) and specificity (% of correct rejection) were maximized (Mausbach et al., 2011; Youden, 1950) . Besides, cut-off proportions were calculated to show what percentages were achieved on the cut-off points. For example, if a cut-off point is 150 at the measurement with maximum score of 200, the cut-off proportion would be 75% (=(150/200)×100). This proportion suggests that 75% or higher achievement is expected on that measurement to exceed the cut-off point, and thus, to be classified as "better" work status. Table 1 presents the results from t-test and ANCOVA. Healthy controls were significantly younger and more educated than patients. Also, they performed better on the cognitive and functional outcome measures.
Results
Group comparisons
Principal component analysis
The results of PCA are presented in Table 2 . Two factors were extracted both for the MCCB and the SFS. For the MCCB, subtests included in Working memory, Speed of processing, Reasoning/ Problem solving, and Attention/Vigilance yielded higher loadings on Factor 1, while two learning subtests (HVLT-R and BVMT-R) and a social cognition task (MSCEIT Emotional management) loaded heavily on Factor 2. The former reflected executive function, while the latter was oriented to social cognition and learning. Thus, these components were interpreted as the Executive functioning component and the Learning/Emotional management component, respectively. Likewise, two factors of the SFS were assumed to represent prosocial activities (Factor 1: Recreation, Prosocial, Interpersonal Communication, and Withdrawal/Social engagement) and independence/work (Factor 2: Independence-Competence, Independence-Performance, and Occupation/ Employment). Therefore, they were labelled as the Socializing component and the Independence/Vocational functioning component. These components are also depicted in Fig. 1. 
Multiple regression analysis
The Learning/Emotional management (β=0.34, t=3.23, p=0.002) and the Independence/Vocational functioning (β= 0.57, t= 4.83, pb 0.0001) remained significant in the patient group, accounting for around 40% (R 2 =0.39) of total variance in work hours (Table 3 , the upper part). The former variable reached significance even after the Occupation/Employment score in the SFS was removed from Independence/Vocational functioning component (results in parentheses in Table 3 ). For the control group, all variables excluded from the initial model, failing to reach the significance.
Multiple logistic regression analysis
The final model was presented in Table 3 (the bottom part). Similar to the linear regression analyses, the Learning/Emotional management (B= 0.03, p= 0.035) and the Independence/Vocational functioning (B=0.04 p= 0.028) remained as significant predictors (χ 2 =10.37, p= 0.006) in the optimal (i.e. most parsimonious) model, yielding 77.8% predicting accuracy. No variables contributed to predicting work status in the healthy comparison group. The most powerful variable was the Independence/Vocational functioning, but it failed to reach significance (B=−0.05, p= 0.13). Table 4 summarizes the results from ROC analyses for the two significant factors in the patients group found in the regression analyses. The AUC was 0.71 (95% CI: 0.55-0.87) for Learning/ Emotional management, while it was 0.78 (95% CI: 0.64-0.93) for the Independence/Vocational functioning. Both were significantly greater than 0.5 (i.e. no discriminative power). d's were estimated as 1.29 and 1.83, respectively. Both AUC and d' indices suggest that Learning/Emotional management and Independence/Vocational functioning have good sensitivity to differentiate between the better and poor work status.
ROC curve analysis
The optimal cut-off points were estimated as 153.4 for the Learning/Emotional management and 53.5 for the Independence/ Vocational functioning. Those scores correspond to 76.7% and 60.8% cut off proportions, respectively. Those proportions suggest that 76.7% or higher performance was expected on the Learning/Emotional management to reach the better work status, while it was 60.8% for the Independence/Vocational functioning. 
Discussion
The current study investigated potential factors to predict work outcome in Japanese patients with schizophrenia. First, we clarified that certain domains of cognitive functioning and social functioning predicted work outcome, assessed with a quantifiable measure (i.e. work hours in recent 3 months). Specifically, the cognitive domain consisting of verbal/visual learning (HVLT-R and BVMT-R) and social cognition (MSCEIT Emotional management), and the social functioning domain including independence and vocational functioning, were found to predict hours/status, as revealed by both a linear regression analysis and a logistic regression analysis. Second, cut-off points for differentiating between the better-and poor work status were presented for those critical factors. Cut-off proportions of 60-70%, estimated from the cut-off points, may be an indicator in the classification of the better vs. poor work status.
The current findings are roughly consistent with previous studies reporting that cognitive improvement is a determinant for better employment/work status in patients with schizophrenia (Green et al., 2000; Nuechterlein et al., 2011) . We further clarified that the ability to acquire new information and to control emotion are important to maintain a job. Our finding that domains of the SFS (Independence/ Vocational functioning) was significantly associated with better work outcome supports a previous report that patients currently engaging in work attained a higher SFS score than unemployed patients (Harvey et al., 2012b) .
Relatively stronger association between the SFS and work outcome may be due to the fact that the majority of patients in our study preserved ability to work, although the total amount of work hours varied to a certain degree (Fig. 2) . Presumably, those subjects were better aware of their capacity for independent behavior (self-care) and vocational functioning. In fact, it has been reported that ever-or currently employed patients were able to more accurately estimate their ability to work compared to those who were not experiencing employment (Gould et al., 2013) . Thus, it is assumed that patients with greater capacity for work more precisely estimate current social functioning.
We did not find significant contribution of everyday functioning, assessed with the UPSA-B, for predicting work hours/status. Mixed results have been presented about the significance of this level of functional outcome for work outcome. Studies using the full version of the UPSA (Patterson et al., 2001 ) reported a significant relationship between everyday functioning and work outcome (Bowie et al., 2008; Bowie et al., 2006) , while two studies that used the UPSA-B (Bowie et al., 2010; Vesterager et al., 2012) did not. However, one recent large-scaled (NN 800) study (Strassnig et al., submitted for publication) did demonstrate a relationship between the UPSA-B and work outcomes assessed by the Specific Level of Functioning (SLOF; Schneider and Struening, 1983) scale, although they found that UPSA-B scores predicted the SLOF subscale of everyday activities more strongly than that of work outcome. In addition, (Mausbach et al., 2011) has shown that the UPSA-B has a good sensitivity to work outcome, presenting a cut-off point around 80 could satisfactory discriminate working (≥20 hours per week) vs. not-working (b20 hours) patients with schizophrenia.
Given those supportive results for the association between the UPSA-B and work outcome, we examined a cut off-point of the UPSA-B Total score for differentiating between better-and poor work status although it was not a significant predictor. Interestingly, the cut-off point was 81.6, almost consisting with the above-noted study (Mausbach et al., 2011) . In sum, mixed findings were obtained for an association between performance on the UPSA-B and work outcome and therefore, further studies should be aimed to clarify that the everyday functioning, assessed by the UPSA-B, is one of the key factors for work outcome in patients with schizophrenia. The current study showed that self-ratings with the SFS could predict total working hours in recent months. Self-reports have sometimes been considered to be less reliable compared to performancebased assessment or informants' observations, partly due to poor insights of patients (for a review, Bellack et al., 2007; Durand et al., in press ). It might be concerned that work hours in the current study was obtained by self-report, which could induce a biased association with the self-rated scores in the SFS (i.e. both measures might have been over-estimated). The possibility could be excluded by several reasons. First, it has been shown that patients and informants ratings on the SFS were highly correlated (Dickerson et al., 1997) . Second, the SFS ratings have been reported to be correlated with those of the SLOF, which is an informant-based objective measure (Sumiyoshi et al., unpublished data) .
Third, as shown in the regression analyses, a performance-based measure of the MCCB (Learning/Emotional management component) remained as a significant factor to predict work hours and status, providing an objective support for the accuracy of the self-report on work hours. To further examine this issue, we conducted a supplementary regression analysis assuming that at least one of the performance measures (either the MCCB or the UPSA-B) would certainly contribute to prediction of work hours in patients with schizophrenia. This time, predicting variables were the MCCB Overall composite score, the SFS Total score, and UPSA-B Total score were directly regressed on work hours in recent 3 months using a forced-enter method. As a result, the model was significant (F= 7.78, df= 3, 41, p b 0.01), accounting for 31.4 % of the total variance for work hours (R 2 = 0.31). The most dominant predictor was the SFS total score (β=0.52, t= 4.30, p b 0.01), followed by the MCCB Overall composite score (β=27, t= 1.98, p=0.05). The UPSA-B Total score was at a trend level only (p= 0.07). Although the partial coefficient of the MCCB was near to marginal significance, the result confirmed the contribution of the performance-based measure to prediction of work hours, validating the self-evaluation in the current study.
Several limitations should be noted. First, the sample size of this study was relatively small. Latent predictors might have become significant in the regression analyses with a larger number of patients. Second, we did not include variables related to psychiatric symptoms, which have been shown to affect work outcome (Bowie et al., 2010; Bowie et al., 2008; Bowie et al., 2006; McGurk and Mueser, 2004) . Future studies will be aimed to address these issues.
To conclude, our study showed that certain aspects of cognition and social functioning determine work outcome, quantified as work hours in recent months, in patients with schizophrenia. Expected performances to maintain better work status were also presented for those measures.
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